ABSTRACT An experiment was conducted to determine the effects of soybean meal (SBM) particle size on broiler performance, particularly P utilization. This experiment utilized a 2 × 2 × 2 factorial design with the following variables: SBM particle size, P level, and diet type, either corn-SBM or semipurified. SBM was obtained from a processing plant before (geometric mean diameter 1,239 µm) and after (891µm) hammer milling. The P levels were 0.5% total P for deficient diets and 0.7% total P for adequate P diets. The coarse SBM improved bone ash (P < 0.05), gain:feed ratios (P < 0.1), and plasma P levels (P < 0.1). The diets with 0.5% P resulted in overall poorer performance as 16-d BW was reduced, gain:feed ratio decreased, bone ash decreased, and rickets incidence in-
INTRODUCTION
The importance of type of feed and ingredient particle size has been studied by a number of researchers, perhaps beginning in the 1930s with research conducted by Fritz (1935) . In one study, Fritz (1935) found that chickens were able to utilize nutrients equally as well in some categories and better in others when corn was fed in cracked form rather than ground. In 1985, coarse corn was shown to elicit a response superior to that of fine corn when growth and feed conversions were compared (Reece et al., 1985) . However, Lott et al. (1992) found that larger particle sizes of corn reduced performance. They theorized that particles larger than 1,100 µm were too large for chicks to utilize (Lott et al., 1992) . Some studies involving ingredient particle size (purified and semipurified diets) concluded that P utilization is improved when coarse materials are added to these types of diets (Griffith, 1969; Griffith and Schexnailder, 1970) . Kasim and Edwards (2000) and To whom correspondence should be addressed: kkirk@uga.edu. 3 Harrison Feed and Poultry, Bethlehem, GA. 4 Petersime Incubator Co., Gettysburg, OH. 428 creased. Chicks fed the semipurified diets also had lower 16-d BW, lower gain-to-feed ratio, and lower bone ash. There was a significant interaction between the diet type and the soy particle size when the corn-SBM meal diets were fed because the coarse SBM increased plasma P levels, whereas there was little effect when the semipurified diets were fed. There were also significant interactions observed between these variables on growth and gain:feed ratio in that the coarse SBM elicited a much more dramatic response when incorporated into the semipurified diets as opposed to the corn-SBM diets. The results suggest that large particle size soybean meal may be more efficiently utilized than fine particle size soybean meal. Kilburn and Edwards (2001) have shown that in phosphorus-deficient practical-type corn-soybean meal (SBM) diets, the utilization of Ca, P, and phytate P is increased by increasing the particle size of corn in the diet. The purpose of this study was to investigate the effects of feeding SBM of different particle sizes in typical corn-SBM diets and semipurified diets on the growth and performance of broiler chicks with particular emphasis on P utilization.
MATERIALS AND METHODS
Two-hundred-forty mixed-sex 1-d-old Peterson × Arbor Acres chicks were obtained from a commercial hatchery.
3 Chicks were wing-banded for identification and each pen of 10 birds was weighed. Twenty-four pens were used in this study and to each was randomly assigned 1 of 8 dietary treatments with a total of 3 pens assigned to each dietary treatment. Feed and water were provided ad libitum. Chicks were housed in Petersime 4 batteries with electric brooders and wire mesh floor (as described by Edwards et al., 1994) . Artificial light was provided 24 h/d through the use of fluorescent lights fitted with plastic sleeves 5 for filtering out ultraviolet light. Excreta were collected from d 13 to 15. Blood samples were taken on d 16 from one bird per pen for ionizable Ca and dialyzable P 6 (dP) analyses. At 16 d, birds were killed by carbon dioxide inhalation, each pen was weighed, and the amount of feed consumed was calculated and recorded. One leg was removed for determination of fat-free bone ash as described by the AOAC (1995). All birds were then randomly selected for examination of the remaining tibia in order to determine the incidence of tibial dyschondroplasia (TD) using the method described by Edwards and Veltmann (1983) and for P deficiency rickets as described by Kasim and Edwards (2000) .
This experiment utilized a 2 × 2 × 2 factorial design with the following variables: SBM particle size, P level, and diet type, either corn-SBM or semipurified. The P levels were 0.5% total P for deficient diets and 0.7% total P for adequate P diets. The diet compositions and selected nutrient levels are presented in Table 1 . The differing SBM particle sizes were obtained by the following method. Unground SBM was obtained from a commercial soybean processor. 7 The meal was removed from the commercial soybean plant immediately prior to the hammer mill which grinds the SBM. In these samples there are very large clumps of SBM as a result of the extraction process, so this meal was passed through a comminuting machine 8 with no screen in order to break up these large clumps without actually grinding the meal. The fine SBM was obtained from the processing facility as well, but this meal was collected immediately after it passed through the hammer mill. The geometric mean diameters for the coarse and fine SBM were 1,239 µm and 891µm, respectively.
At the conclusion of the experiment, the feeds and dried excreta were analyzed for Ca (Hill, 1955), total P (O'Neill and Webb, 1970) , phytate P (Latta and Eskin, 1980) , dry matter, and nitrogen contents. 9 Gross energy content was measured using bomb calorimetry.
10 Chromic oxide, incorporated in the diet as a marker, was measured by the method described by Brisson (1956) . All mineral utilization values were calculated by the method described by Edwards and Gillis (1959) . Metabolizable energy values were calculated according to the method described by Potter (1972) . All statistical analyses were performed using general linear models procedure (SAS, 1990) .
RESULTS
There was a significant effect of diet type on BW, gain:feed ratio, TD total incidence and retention of Ca; the corn-SBM diet increased each of these criteria measured ( Table 2 ). The coarse SBM improved tibia ash (P < 0.05), gain:feed ratio (P < 0.1), and plasma dP level (P < 0.1). As would be expected, lower P levels reduced weights, tibia ash, plasma dP levels, incidence of TD, incidence of TABLE 2. The effects of diet type, soybean meal (SBM) particle size, and P level on 16-d BW; gain:feed ratio; bone ash; plasma Ca; dialyzable P (dP); rickets and tibial dyschondroplasia (TD) incidence; Ca, P, and phytate P retentions; and ME phosphorus rickets, and Ca retentions while decreasing gain:feed and plasma Ca levels. There were also a number of significant interactions as indicated in Table 2 . There was an interaction (P < 0.05) between diet type and SBM particle size on 16-d BW, gain:feed ratios, and plasma dP levels. The coarse SBM had a more dramatic impact on both gain:feed ratio and 16-d BW when incorporated into the semipurified diets but had minimal impact when fed as the corn-SBM diet. In contrast, the coarse SBM increased dP levels in the corn-SBM diets but had no effect on the semipurified diets. Also, there was a significant interaction between diet type and P level on TD total incidence, as TD incidence was higher when broilers were fed a corn-SBM, adequate P diet, as compared with the semipurified adequate P diet; however, there was little difference among the P-deficient diets of either type.
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DISCUSSION
The results of this experiment indicate that the particle size of SBM can have an impact on broiler performance. The fact that corn starch was used in the semipurified diet insured that SBM was the sole source of phytate in the diet to better understand the effect of large SBM particles on phytate utilization. However, there were no significant effects of SBM size on Ca retention, P retention, or phytate P retention and there were no significant interactions between energy source and SBM particle size on these responses. The significant effects on tibia ash and gain:feed ratio indicate that there are positive effects of feeding larger particle size SBM, consistent with prior work in this laboratory involving corn (Kasim and Edwards, 2000; Kilburn and Edwards, 2001) .
The significant improvement of bone ash when the diets contained the coarse SBM indicate that mineral utilization is improved with larger particle sizes. Also, the plasma dP levels were increased (P < 0.1) when the diets contained coarse SBM. Possibly these larger particles of SBM pass through the digestive tract at a slower rate, improving the P utilization to some degree but not in an amount detected with our retention measurements. It is important to consider the significant interaction between the diet type and SBM particle size. When the diets were semipurified, there was very little impact of SBM particle size on plasma dP levels. However, when the corn-SBM diets were fed, the coarse soybean increased plasma dP levels. Griffith and Schexnailder (1970) demonstrated that ingredients with larger particle sizes were needed in order to maximize P utilization in semipurified diets. The above discussion indicates that larger particle size ingredients are also necessary to maximize P utilization when feeding corn-SBM diets.
The interactions must be examined to comprehend the effects of SBM particle size on improving gain:feed ratio. The significant interaction of diet type and SBM particle size on gain:feed ratio indicates that when semipurified diets were fed, gain:feed ratio was improved more dramatically by coarse SBM than when corn-SBM diets were fed, whereas feed efficiencies were practically unaffected by SBM particle size. This better gain:feed ratio from the coarse SBM in the semipurified diets helps explain the interaction seen with these variables on BW. Body weights were increased dramatically with the coarse SBM in semipurified diets, but there was a slight reduction in BW when corn-SBM diets contained coarse SBM as compared with fine. When the semipurified diet was fed there was reduced feed intake by chickens receiving the fine SBM at both levels of dietary P. This did not occur when the corn-SBM diet was fed. Thus, feed intake may help explain the significant diet type × SBM results. The mg P/g gain for the eight treatments listed in Table 2 were 10.0, 7.4, 9.9, 7.4, 11.0, 8.0, 11.6, and 8.7 , respectively. Thus, the chickens fed the semipurified diets had higher milligrams of P intake per gram of gain in weight than the chickens fed the corn-SBM diet even though their feed intake was decreased. This leads us once again to the conclusion that diet type and particle size influence P utilization, which agrees with the bone ash data in Table  2 as well as the literature. Griffith and Schexnailder (1970) observed that when purified and semipurified diets had ingredients with larger particle sizes added, growth and P utilization were improved. Also, these diets containing the larger particles were retained in the gizzard for a longer period of time than diets containing the smaller particles, and this, Griffith theorized, resulted in these diets spending a longer time in the upper digestive tract where they may dissolve more completely. Nir et al. (1994) also proposed that ingredients of a larger particle size are better suited to a chicken's digestive system, and that larger particles increase peristalsis and absorption. Similarly, the results from this study indicate that incorporating ingredients with a larger particle size into semipurified diets can improve the digestion and utilization of these diets.
It appears from the results of this study that coarse SBM can increase the bone ash of broiler chicks, perhaps through improved mineral utilization. Also, when SBM of a larger particle size is added to semipurified diets, growth and gain:feed ratio are improved.
